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CROSS REFERENCE TO RELATED APPLICATION
[001] This application is related to, and claims benefit of and priority under 35 USC
§ 119(c) from US provisional application No. 60/784,351, filed 21 March 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[002] The present invention, broadly considered, is in the field of lighting control.
More particularly, the present invention pertains to a voltage control load center for control of
the voltage applied to high intensity discharge lamps. The voltage control load center
includes plural modular transformer circuits, each controlling the voltage applied to an HID
lamp or group of such lamps. Further, this invention relates to such a modular voltage
control transformer circuit, and to methods of making and using bpth the voltage control load

center and the modular transformer circuit.

2. Related Technology

[003] The present invention constitutes an improvement over prior art U.S. Pat. No.
4,431,948, issued Feb. 14, 1984, and also over US patents No’s. 5.528,110; 5,508,589; and
5,623,186, the disclosures of which are incorporated herein by reference to the extent
necessary for a full disclosure and understanding of the present invention.

[004] The ‘948 patent discloses a controller for HID lighting effecting a selective
reduction of applied voltage by use of an autotransformer connected in series with a switch.
A first portion of the autotransformer winding is interposed between the input and the output,
and an additional winding portion is interposed between the output and the common or
neutral terminal of an alternating current power source. The first portion of winding is
referred to the series winding of the autotransformer, and the second portion of the winding is
referred to as the common winding of the autotransformer. The switch (which may be
implemented as a relay, for example), is connected in series with the common winding so that
when the relay is in its open conditibn, no current flows in the common winding, and the

output voltage is substantially equivalent to the input voltage.
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HID lighting that was modular in a convenient size (i.e., convenient wattage).

[009] Further, it would be an advantage to have a voltage control load center for HID
lighting which provided for plural such modular voltage control transformer circuits to be -

arranged for convenient connection to existing or newly installed HID lighting units.

SUMMARY OF THE INVENTION
[010] In view of the deficiencies of the related technology, it is an object for this
invention to reduce or eliminate at least one of these deficiencies.
[011] Particularly, it is an object of this invention to provide a modular voltage
control transformer circuit.
[012] A further object of this invention is to provide a voltage control load center for
HID lighting, which allows for the installation of plural such modular voltage control
transformer circuits, and for their convenient connection to HID lighting units.
[013] Accordingly, one particularly preferred embodiment of the present invention

provides a modular voltage control transformer circuit.
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[019] Figure 3 is a simplified schematic of a portion of the modular voltage control
transformer circuit;

[020] Figures 4 and 5, respectively, are a side elevation view and a front elevation
view of a modular voltage control transformer circuit according to the present invention;
[021] Figure 6 provides an exploded perspective view of a modular voltage control

transformer circuit as seen in Figures 2-6.

DETAILED DESCRIPTION OF PREFERRED EXEMPLARY EMBODIMENTS
[022] Referring to Figures 1 and 2 in conjunction, a voltage control load center 10
includes a protective metal box or enclosure 12. This box 12 is most usually mounted to a
wall (not seen in the drawing Figures), and has plural electrical conduits 14 (each housing
electrical wiring) connecting thereto. The box 12 includes a rear portion 12a with peripheral
walls (i.e., top, bottom, and side walls) each indicated with the numeral 12b, and a rear wall
12¢ (best seen in Figure 2). . A cover 12d (or front wall of the box 12) is hingeably or
removably attached to the rear portion 12a. In Figure 2, the cover 12d is shown hinged open

(and partially broken away for convenience of illustration). As Figure 2 illustrates, the box
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[023] Flgure 3 provides a simplified schematic of the circuit defined by a supply line
(i.e., from the AC power mains) in combination with one of the MVCTC’s 20, and in
combination with a load, which is most preferably a high intensity discharge (HID) lamp (or
a group of such HID lamps). Viewing Figure 3, it is seen that the line voltage is received
over two wires, indicated with numerals 22 and 24 (with 22 being the line, and 24 being
common). In order to proved an initial understanding of the voltage control load center 10,
attention now to Figure 3, will show that wire 22 is connected to one side of the primary (i.e.,
series) winding 26 of a transformer 28. The other side of this transformer winding 26 is
connected to an HID lighting unit, indicated with the character “L” standing for “load.” The
other connection of the HID lighting unit L is connected to the other wire 24. So, whenever
line voltage is applied to the wires 22 and 24, the HID lighting unit L will receive voltage.
However, the voltage level received by the HID lighting unit L is controlled by the operation
of the MVCTC 20, and particularly is controlled by the operation of transformer 28.

[024] It is seen that the MVCTC 20 illustrated in Figure 3 includes a single-pole,
double-throw (SPDT) switch 30 having a common contact connecting to the other side of the
winding 26, and to the lighting unit L. This SPDT switch 30 includes a normally open (NO)
contact which is connected to the wire 22 .and to the first end of primary winding 26.
Similarly, the SPDT switch 30 includes a normally closed (NC) contact which is connected to
one end of a secondary (i.e., parallel) winding 32 of the transformer 28.

[025] The other end of this secondary winding 32 is connected to the wire 24, and to
the other side of the load L.

[026] So, those ordinarily skilled in the pertinent arts will recognize that when the
SPDT switch 30 (which may preferably be provided as a relay) is not energized, and the NC
contacts are closed, the transformer 28 functions as a conventional autotransformer, and
delivers a reduced voltage to the lighting unit L. Viewed differently, when the NC contacts
of SPDT switch (relay) 30 are closed, the relay 30 provides power from wire 22 to the first
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28 or 30 are closed a reduced voltage level delivered to the lighting unit L will be a ratio of
line voltage generally according to the turns ratio of winding 32 compared to the total turns of
windings 26 and 32 together. And, importantly, because of the conﬁgﬁration of the circuit
seen in Figure 3, the transition from full voltage applied to lighting unit L, to a reduced
voltage applied to this lighting unit, occurs without an interruption of current flow to the
lighting unit. Thus, there is no tendency for the HID lighting unit L to be extinguished
because of even a temporary interruptioﬁ of current flow. Current flow is continuous during
the voltage reduction desired after warm up of the HID lighting unit L.

[027] Now, in order to provide for full voltage starting of the HID lighting unit L,
followed by a sufficient warm up interval of operation at full voltage in order to insure that
the lighting unit L can remain lighted when voltage level is reduced for sustained operation, a
timing device is most preferably utilized, and is programmed or selected to provide a
sufficiently long warm up interval that the HID lighting unit (i.e., load L) will have achieved
sustaining temperature so that the unit does not extinguish when the applied operating voltage
is reduced. This time interval may be a variable, depending on such facts as the extent of the
voltage reduction (and energy savings) desired, and the ambient temperature where the HID
lamps are located.

[028] Considering now Figures 4-6 in conjunction, it is seen that the modular
voltage control transformer circuit (MVCTC) 20 includes a base 40, which is generally
rectangular or square in front view, and is U-shaped in side view. The base 40 includes a
generally rectangular back plate portion 42, which defines mounting holes 42a by which the
MVCTC 20 can be secured to the back wall 12a of box 12 and within the volume 16. From
this back plate portion 42, a connecting leg portion 44 extends forwardly to carry a front plate
portion 46. Cooperatively, the back plate portion 42, connector leg portion 44, and front
plate portion 46 define a recess 48, (best seen in Figure 6). An annular or torroidal
transformer assembly 50 is receivable into the recess 50. This assembly includes a
transformer core and windings 52 having a central passage 52a, plural leads 54, and a

mounting assembly, generally indicated with the numeral 56 on Figure 6.
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dimplgdnwyasher member 56d, and a nut 56¢ to secure these components in place. It is seen
that the dimpled washer 56d includes a central conical offset 56d’, which is sized to be
received into the central passage 52a of the annular transformer 52. As is best seen in Figure
6, but visible also in Figures 4 and 5, the front plate portion 46 defines a centrally located
opening 46a aligned with the bolt hole 42b, and by which access to the nut 54e is facilitated
in order to effect secure mounting of the transformer 52 within the recess 48. Thus, the
transformer 52 is supported by rear plate portion 42, but is received into recess 48 so that the
leads 54 are easily accessed at the front plate portion 46.

[030] As Figures 4-6 illustrate, these leads from transformer 52 are trained around
the edge of front plate portion 46, and are there secured to a connector strip 60 carried on the
front plate portion 46. This connector strip 60, and a second connector strip 62 also carried
on the front plate portion 46, provide for connection of electrical wiring to the MVCTC 20, as
was generally illustrated and described by reference to Figure 2. Also carried on the front of
front plate portion 46 is a control circuitry for the MVCTC 20, and which is generally
referenced with the numeral 64. This control circuit 64 includes a relay 66, which provides
the SPDT switch 30 explained with reference to Figure 3. That is, the relay 66 includes a set
of Normally Open (NO), and a set of Normally Closed (NC) contacts which operate as
explained above to change the voltage provided to a load connected to the MVCTC 20. Also
carried on the front plate portion 46 on a circuit board 68 is a timing circuit 70 controlling
operation of the relay 66. That is, the timing circuit 70 is arranged to start a count-down time
interval when power is applied to the MVCTC 20, and to accordingly operate the load (i.e.,
HID lamps connected to the MVCTC 20) at full line voltage for a determined time interval
after the power is turned on. So, the HID lamps will start and operate at full line voltage for
this determined time interval, ensuring that the lamps are sufficiently hot that they do not
extinguish when the applied voltage is decreased by the MVCTC 20. After this time interval,
the MVCTC 20 operates relay 66 to result in the voltage applied to the HID lamps being

reduced to a level lower than full line voltage. This results in little or only an acceptably
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plate pbitgpm e cBntrdl learctitryrfer the ardutap voltagel contrbl trgysfaamet ciechit carried on
said front@te partioniiticlhding @ rélay prbvitinl vid SRDE sirchibgdndladinfaset of
Normdllyd@BenTHOINAAd a 8% ﬁﬂmnﬂllml&e@(N YdoRtdctvhieR ofdrate in
opposﬁHﬁ (CHe z{doﬁi@r E(Pcﬂaﬁ e {He%ithé@px%{’idted to-rgliﬂci5 HIlt) W&Bﬁng ani % count
down fi %Xlt CQIEF le§%‘ éai?ﬂs .2 count- own time

mtervaifs Hﬁn eano §$ {oeﬁ\ﬁf% du ar'g'/‘g %ge Bh'g er r Ief ﬁlécuﬂl
such t P%‘b‘ﬁ é{ gmf%tad %#huﬁavro P dﬁ?gnpn time
1ntervq upe En ervE ,\ﬁ) t3ggeqntso trﬁp QLMfE c;rgllnt operates
said sma |relabrq rggeceshaveltagg asphqdnte the BIPilynes tag layal dower than full line
voltag¢.ol | owed by a sufficient warmup interval of operation

at full voltage in order to insure that the lighti ng
3. An HID tightigamodwelamvaitage ghvites] trahsformie diregie (MABETC) for use in an HID
lighting EUERLNRE] 1DHS E&itE1Sshi® MEVE@TTBceiving voltdp8 26@ ¢lifténtiffom a power
line anH‘%@ltectW o@PiuY éiﬂiek f@l?ﬁ'ne wolhge %r Qﬁélgft d®ed voltage level to

HI]§ﬁ l‘ﬁ th B‘ih ff dufad ﬁt”ﬁ W to THEHIA SRR load i
‘?(I)l chal ré lﬁl § I&Eﬁ-‘% {)itg%‘:inﬁ%{;ﬂﬂrge ecgl el rediH lgeiislnglsg
MVC n(cl a rgps Frpgré( Ve 8’1‘1§1| g core and
a Seco %ﬂ el @ae Igme%wmﬁ%f@ e puo gge%we ends, an

said ses%daabmn IR \ﬂ@g BYP esRastive ends, said epds of spidmpringary t“wédmg
individpg|ly a@;@w%@m@trﬁ cliymigraingls9f asaunastas)strite gnd eaid endnof said
secondatyewindinigaiso individually eernesting i tespecHyElerminals offaeconnector strip; a
single-‘polead @dble-thHr@8) SEO N} swideh Irayingoarcdimon esntdet@onmecting with a second
of saidaojendsbf i prithatyswinding antdad tHellEIDMightingrioad) kaid $PDT switch

control transfornmer circuit (MVCTC) 20 includes a base

40, which is generally rectangular or square in front

view, and is U shaped in $ide view The base 40

i ncludes a generally rectangul ar back plate portion

42 whi ch deflnes nDuntlng holes 42a by whi ch the
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[29] Viewng Figure 6, it is seen that the nounting
assenbly 56 includes a rear cushion nenber 56a, (which

AES 20686-6baptqneri c and insulating) is interposed between patent
the rear plate portion 42 and the transfornmer 52. As

IS best seen in Figure 6, the rear plate portion 42
includid@fa Ho@makly 69 ND) dontaecedmdctiny th onekide 42 khe laedind tbalfirst end of
said twefdhdk Sf 588 MRy Witldips Bail ismrhﬁmmaauamg agRemdly tldsed (NC)
contacFé’(ﬁﬁb&éh&g@ R85t 2L si@Hvo ehii€of afNSEOIITRY wiidlifz; 3%ebchd end of
said st }y NEE ntn 1r%QL)tth ﬁ er did ﬂj J)ﬂﬂ@ﬁn@é(n@ﬁl% Qcﬁfﬁnﬁgmg to the

other side> tm 0% e switch NC
contacgs()aée {3185 i uﬁgap 8&@“
to, |

@ o :
&IL?CBICF 0 t}}ealozia%w E e secondary
windingarran VR8RS HSE sgg @npm;y Wijising, aeg qp thy otgg and, when

the Ncbrqrgaats ofsigid SKIAT ewitel argiclesgd syd 58 Dlowatahethorts said prmary
windingeand cannestssiyll dime yplagst torshid Fhlighiingtlpad; said M¥ C T further
comprisgngrelsise sweber parbiigg sad @andfotmer; ssidbbase ateguber mnchadjng 2 sear
portiortdiapubed at 4 tear idenf sqid arhesfEardr iand intfudilef proesiom for mounting said
MVCTE#Rithi 4 proteetios estlesues)aneg pditonkxignditg foimhsaldieasb pbition, and
said leg PbRiohZRrryath ot pit€ Porftief Afsposed dnhefronttsidedst shid transformer

Ighigt t
opposi é?tg) nsé%cdotfa%é?oﬂélenw S %Fur(]i étbﬁgéd;t(gtgstérég Sé‘riiéié @E}I_r?fgg ﬁbbﬁ&l@f)laré"'ﬁortlon

4, ThetI-fI h?irngv(lel\’é% ac Il(l.iﬂ‘ 0 c?eﬁm?[walgr% idai%a% B%HH Bpfg}%erally

rectan i e ing at said
rearp %r grﬂgls (g)lgntglgl SE*H}{E& 1nc %ggfxgp i eing

conﬁgrreaﬁ%r rest @raeb%Ckarq%le%f aarrret?ﬁavq rrecte &nelpsyre.gad by which
rear pqstien the pAVCiT6nis seruredandasuppertasy withia saidauoteefive elesiiead erglosure
with said ampllmramaformedccwm dishescflrgonerally parellglde bpibrsauigearprrgon and
said back iwatlodferidsnciopuePandarad enpectimgdeg pomtien eptending iffonbsaid base
portiolfg@Rraligrper@idienlar fesaid bavk wdlbimgl gbout a side 45said ammilataransformer

core tof QryGaIINesit ipfite portihect rical wiring to the M/CTC 20,
as was general ly illustrated and descri bed by

5. The T}ﬁbeﬁ g MVC'T‘(%&E&d 0| RAmCPL e G édﬁﬁe&&o fip ¥ carried
upon s g ort) 8{1t 8@31 edds ffony ?zﬁa t:3n, %fg r\%ng{iiﬁllé Second
g20

mndlqgmrsrne% AP SUED ST eI F PlekPTie ?Pa%ogmsctrvg?wld
connegtey St ch provi des the SPDT switch 30 expl ai ned with
reference to Figure 3. That is, the relay 66 includes
6. The AlIelighting MV I aeceyding torbim Twherginsseid proteryneleetyical
enclos@leasdudgsGrarcwalt pertion,dnid piiurelparipherahwald ppitiming edopepaing with
said retuowalh pogien ttd defirel 4 wajempy andi atexpening 2o said solnorenamt 2cbveo for
closing §id bpéalisg, 38d eAtlosure ddcelvirsh €lbctiibel wWirifg inchldii@esaidpéwerline, and
plural fH8dQRr aolf%igé CHhttolRRALBNAS diftuts IMWOTL'Hirb&eiVdd iffd said volume of
said erfcﬂﬁ{ure Id'cBQné?:Bﬁ éa@c[‘ elRbtrithSvikinkay 66. That is, the

timng circuit 'S arranged to start a count- dovvn

7. Theg-ﬂm%{tu gg%?gﬁﬁih OV\B{& clai g}gl ; udt he M‘/CT ﬁlbl gn
members ﬁ?{g}&l ng Balii sa r r; ﬁréc? tepl? 6:%on
cooperghyely sndevichingeaid peis ol mra?m ‘Hé “ﬂ%‘v%’rd tragls etween.
So, the HID lanps wll start and operate at fuII Ilne
8. The Dt lighging M VCHIGsacgendingntiorsdaimt 4 frsthenineludinlg a kedsmeinher passing
throughsaitl ttansfotraepwraare spafifing betweey skidtrear ipattionraay seid framt plate
portiorgshidrfgit platepertion efirdpphn epenigd paasiag issid ekt meambet, byd said bolt
membéit@ryMe HdidpledVricBhichinwashbt élpabitb 8hidatansfohBeMYCEhtePhid

transfdi’ﬁ’r@fﬁtsﬁﬁl ﬁ'(?tlt%l/at@ﬁoﬁlgn'b &ithg i n the voltage applied to
he HI D | anps bel ng reduced to a level lower than full

9. Thellh (fq\ﬁlrr%; ﬁ@CT %C%Olrd%s utlto C?&lﬁl.n.; HﬁthteJF cer é}éﬁﬁf t%ht p ane portion

carryn}gletf gvafelc §1poH ehYol 1 prlmary
winding 40 Icﬂb%t o“tnsal etgg;gn%edrlggegfql clngt %trn?eé p]éunmng of said
units connected to MCTC 20 are started at full Iine
vol tage, and are thereafter provided with a period of
operation at full |ine volgtage during which the
l'ighting units warm from anbi ent tenperature to
achr eve a tenperature suffr cr ent to sust ar n operatr on
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I Cdaim 1. A nodular voltage control transformer
circuit for controlling the operating voltage | evel
AES 20ppdopg@Ctfo an HID lighting unit, said nodul ar vol t age Patent
control transfornmer circuit including a base carrying
a transfornmer, and a panel carrying a SPDT switch in a
deternfinedsintepead istvitcing said S®D Thgvifohl Hetwéeanen first pasiteont amd sasecond
positiddl t® sWitgih b oltage sapplicdas ssitl HID lightiaf 16 fiorh ifghlihd1golte to said
selectidél¢l réducad $61620devRPHithindnRaupt b lcusoht Bbw ¢05d4€ EIDNEhng
load, reduced voltage less than full line voltage to said
H D lighting unit for sustai ned operation of said
lighting unit, and a timng circuit effecting
swi tching of said SPDT switch fromsaid first to said
second position after passage of a determ ned start-up
time interval of full line voltage operation; wherein
said circuit conprises: a base which is generally
rectangular in front view and U-shaped in side view
said base including a generally rectangul ar back pl ate
portion which defines nounting holes by which the
nodul ar voltage control transformer circuit can be
secured within an encl osure; said base further
i ncluding a connecting | eg portion extending forwardly
to carry a front plate portion; a recess cooperatively
defined by the back plate portion, connecting |eg
portion, and front plate portion receiving a
transforner assenbly including a transfornmer core and
wi ndi ngs; further including: a nounting assenbly
having a rear cushi on nenber which is elastoneric and
insulating and is interposed between said rear plate
portion and said transforner; said rear plate portion
defining a centrally |l ocated bolt hole, and a bolt
recei ved through this hole to receive the cushion
menber; said transforner core being received over said
bol t, and anot her cushi on nenber which is also
el astoneric and insul ating and sandw ching said
transforner; a dinpled washer nenber and a nut
securing said another cushion nenber, said
transforner, and said rear cushion nenber onto said
rear plate portion. 2. The nodul ar voltage contro
transfornmer circuit according to claim1 further
including | eads fromsaid transfornmer trained around
an edge of said front plate portion; a connector strip
carried on said front plate portion; a second
connector strip also carried on said front plate
portion; a control circuitry for the nodul ar vol tage
control transformer circuit carried on said front
plate portion including a relay providing said SPDT
switch by including a set of Nornmally Open (NO, and a
set of Normally O osed (NC) contacts which operate in
opposition to one another to change the voltage
provided to said HD Ilighting unit; a count down
timng circuit controlling operation of said SPDT
rel ay; whereby a count-down tine interval is started
when power is applied to the nodul ar voltage contro
transfornmer circuit such that H D |lanps are started
and operated at full line voltage for a determ ned
time interval; and after this tinme interval, the
nodul ar voltage control transfornmer circuit operates
said SPDT relay to reduce the voltage applied to the
H D lanps to a | evel Iower than full |ine voltage. 3.
An H D lighting nodul ar vol tage control transfornmner
circuit (MVCTC) for use in an H D Ilighting voltage
control |oad center, said MVCTC receiving vol tage and
current froma power |ineland sel ectively providing
either full line voltage or a selectively reduced
voltage level to an HHD lighting load with no

. - o, T n T L Y 1



7. The H D Ilighting M/CTC according to claim3 further
i ncluding a pair of cushion nenbers sandw ching said

AES 2008u08% @er . and said rear portion and said front Patent
pl ate portion cooperatively sandw ching said pair of
cushion nmenbers with said transforner therebetween.

Abstraet The HID lighting MVCTC according to claim4 further
i ncluding a bolt nmenber passing through said
transforner core and s%anning bet ween id

[ a rear
porveftage eanirolloed cententl Opingludeplurg] él?ﬂd@aaiveltwwtrﬁl fgnsformer
. . | 3 .
it P80 38 ARG 300 ARR T AR ) R TR one o
more high imtenstyodigiharpes@ID) tlaraps f dhentampsoare estared a¢ fuldl line voltage, and

e 5 R oo e S 3 A L R b s
tempei'gﬂfrk,ulﬂ:b Rgefihgl vOIATH applidld fo BRY faliPR i Aduléd) @fRcEPA Considerable

~ down tiner activated Upon %ggbicatlon of I'ine voltage
savings @n segrgy psd, withylitile od am geaeptabbusmalidsaneage dretlluprnatiog provided by

e ol 5 BRSO 020 B0 ot cono

load cOREMEED) shithbleSbr peatiéty Off dafeling 12gEiRstentOfal ibeuidkly, easily, and
. switch voltage supplied to said H D |lighting | gad from
inexpengively| fabricales andgastaliedswithous dheskged far thecopyrnignylgequisanent of a

vel W . [ O 8L\ [ f1.GULr.ent e.f L 0 ' .
custony T abBIcRUGR SbEUGEY HBgihal cigh AR, ablitlich? 3 cSlentiona
requir@e¢itesre (bbb timaahd thber imkamsive . nodul ar vol t age contr ol

transfornmer circuits (20), and is connected  -between
supply mains (22) and a load (L) including one or nore
high intensity discharge (H D) |anps. The | anps are
started at full line voltage, and after a sufficient
operating interval ensuring that the | anps have

achi eved a sustaining tenperature, the operating

vol tage applied to the lanps is reduced, effecting a
consi derabl e savings in energy use, with little or an
acceptably small decrease in illum nation provided by
the | anps. Because the voltage control transformer
circuits (20) are nodul ar, voltage control |oad
centers (10) suitable for a variety of differing

requi renments may be quickly, easily, and inexpensively
fabricated and installed wthout the need for the
conventional requirenment of a custom(i.e.,
application specific) transforner design and
fabrication, which conventional requirenents are both
time and | abor intensive.
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